 Abstract-In this study, we used a non-stationary random earthquake Clough-Penzien model to describe earthquake ground motion. Using stochastic direct integration in combination with an equivalent linear method, we established a solution for the non-stationary response of Lead-Rubber Bearing (LRB) system to a stochastic earthquake. We used two parameters to develop an optimization method for bearing design: the post-yielding stiffness and the normalized yield strength of the isolation bearing. Using the minimization of the maximum energy absorption level of the upper structure subjected to an earthquake as an objective function, and with the constraints that the bearing failure probability is no more than 5% and the second shape factor of the bearing is less than 5, we present a calculation method for the two optimal design parameters. In this optimization process, the Radial Basis Function (RBF) response surface was applied, instead of the implicit objective function and constraints, and a Sequential Quadratic Programming (SQP) algorithm was used to solve the optimization problems.
I. INTRODUCTION
By providing a seismic bearing between the building and the ground, a base isolation system can reduce the seismic response of the upper structure and therefore block seismic ground motion from passing into the upper structure. Through decades of application, base isolation has become the most widely used technique for controlling and reducing the seismic responses of structures. Generally, an isolation bearing must have a lower lateral stiffness to prolong the resonance period and reduce the lateral seismic action. In addition, an isolation bearing needs to have appropriate energy dissipation and high restoration ability to avoid excessive bearing displacement and instability. Numerous studies have shown that the mechanical properties of a bearing will greatly affect its seismic abilities. Thus, in recent years, the optimum design of mechanical parameters for isolation bearings has attracted the attention of researchers in a series of studies [1] - [9] .
 Manuscript received April 13, 2015; revised August 2, 2015. This paper used two parameters to develop an optimization method for bearing design: the post-yielding stiffness and the normalized yield strength of the isolation bearing. Using the minimization of the maximum energy absorption level of the upper structure subjected to an earthquake as an objective function, and with the constraints that the bearing failure probability is no more than 5% and the second shape factor of the bearing is less than 5, a calculation method for the two optimal design parameters was proposed.
II. AN INPUT SEISMIC GROUND MOTION MODEL
A non-stationary Clough-Penzien [10] stochastic seismic model is used to describe earthquake excitation () g at: In this paper, ( , )
is treated as a bilinear model (dashed line in Fig. 1 ). Because the pre-yielding stiffness of the LRB is 10 -15 times its post-yielding stiffness, under the condition of equal hysteresis area, the bilinear restoring force model simplifies to a rigid-plastic model (solid line in Fig. 1 ). Thus, ( , )
  (6) where N is the total number of isolation bearings, b k is the pre-yielding stiffness of the bearing, y f is the yield force of the bearing and  is the ratio of pre-yielding and post-yielding stiffness.
Based on a random equivalent linearization method, Equation (6) can be replaced with a linear equation:
where () e ct is the equivalent time-varying damping coefficient, which can be calculated as
In Equation (8) Equation (7) is substituted into Equation (5) to yield the following equation:
In this equation,
is the total mass of the isolation structure, 
i E x t when the base is seismically isolated, and
when the base is fixed; both values can be calculated by using stochastic direct integration. While satisfying the above objective function, the following two constraint conditions also need to be satisfied:
Constraint condition 1: The probability of the horizontal displacement of the isolation bearing exceeding the allowable limit under the seismic effect is less than 5%. Mathematically, this is expressed as 
Combining Equations (10), (11) and (16) [14] , and a sequential quadratic programming (SQP) algorithm was used to solve the optimization problems.
V. A CALCULATION EXAMPLE
Taking a five-story office building made of reinforced concrete as an example, the plane of the standard floor is rectangular, the short side (x-direction) is 36m and the long side (y-direction) is 51m, as shown in Fig. 2 . The building is located on a type II field (as shown in Table  I ).The earthquake ground motion enters in the x-direction, and the ground motion parameters are listed in Table I . Two conditions are considered for the peak ground acceleration: =0.5 PGA g and =0.8 PGA g .The basic period of the fixed base in the x-direction is 0.42s, and the limped mass and the inter-layer stiffness of every level are listed in Fig. 2(b) .The isolation bearing layout is shown in Fig. 2(a) , with a total of 40 lead-core rubber bearings that have a diameter (D) of 0.7m.If the bearing rubber has a shore hardness of 45 degrees, and the shear modulus G is 0.54MPa, then the second shape factor of the bearing is 2 5 S m   .With  =1.3, the average stress of the bearing is = / /(40 ) 10.6Mpa In this paper, we proposed an optimization method for mechanical parameters for the design of lead-core rubber bearings system subjected to non-stationary earthquake ground motions. In this method, the post-yielding stiffness and normalized yield force are used as design variables, the minimum value of the maximum energy absorption level of the upper structure during an earthquake is used as an objective function, and the constraint conditions include the probability of bearing failure not exceeding 5% and the second shape factor of the bearing being less than 5. By combining the RBF response surface method and the SQP algorithm, we are able to solve the optimization problem and provide the optimal values for the design variables.
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